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Measurements of nephron filtration rate in the rat with and
without occlusion of the proximal tubule. The influence of inter-
rupting flow of proximal tubular fluid on nephron filtration rate
(NFR) was investigated in the rat kidney by comparing values
for NFR in the same nephron by the technique of tubular
occlusion and total collection with a new technique, employing
dilution of a perfused indicator, which does not require occlusion
of the tubule or complete collection of tubular fluid. There was
no significant difference between values for NER obtained by
the two methods. NFR was 30.2 16.9 nI/mm when measured
by perfusion technique, 33.6 16.3 by total collection in the
same 28 proximal tubules, F> 0.10. This is in contrast to the
conclusion reached by others that interrupting flow during total
collection from proximal tubules activates a feedback mechanism
which elevates NFR. NFR was then measured twice in the same
nephron by total collection from the distal tubule and either the
indicator dilution method or total collection from the proximal
tubule, In paired measurements NFR was frequently lower
when measured by total collection from the distal tubule sug-
gesting that collections at that site could have been incomplete.
This was verified by finding that recoveries of 1251-iothalamate
or 3H-inulin perfused into the early proximal tubule were lower
(83 32 %) when total collections were made from the distal
tubule than when collections were made from the proximal
tubule (101 13%). When a revised method for sealing the
distal tubular puncture site was used, recoveries of perfused
markers were equal in proximal and distal tubules. Using this
revised method for collecting distal tubular fluid NFR was
measured twice in the same nephron by total collection from
distal and proximal tubule; there was no significant difference
between the two values, the mean difference being —0.4 11.7%.
The results do not indicate that delivery of tubular fluid beyond
the proximal tubule influences NFR under the conditions of the
present experiments.
Mesure du debit de filtration du néphron chez Ic rat avec et
sans occlusion du tube proximal. L'influence de l'interruption de
l'écoulement dans Ic tube proximal sur le debit de filtration
glomérulaire du néphron (NFR) a été étudiée par Ia comparaison
des valeurs de NFR du méme néphron obtenues par Ia technique
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de l'occlusion tubulaire avec collection totale d'une part, et par
une nouvelle technique qui utilise Ia dilution d'un indicateur
perfuse et ne nécessite ni l'occlusion du tube ni une collection
complete du liquide tubulaire. Il n'a pas été observe de diffe-
rences significatives entre les valeurs de NER obtenues par
chacune des deux méthodes. Le NFR était de 30.2± 16.9 nI/mm
mesuré par Ia technique de perfusion et de 33.6 16.3 par
collection totale dans les mémes 28 tubes proximaux, F> 0.10.
Cela est en contradiction avec la conclusion d'autres auteurs,
selon laquelle l'interruption de l'écoulement au cours de Ia
collection complete du liquide proximal active un mécanisme de
feedback qui augmente NER. NFR a été mesuré deux fois dans
le méme néphron: par collection totale du tube distal et, dans
le tube proximal, soit par collection totale soit par la méthode
de dilution d'indicateur. Dans chaque cas NFR tendait a ëtre
diminué quand il était déterminé a partir de Ia collection distale
totale, ce qui suggére que les collections en ce lieu ont pu étre
incomplCtes. Cela a été confirmé par Ia constatation de récupé-
rations de 1251-iothalamate ou de 3H-inuline, perfusés dans le
tube proximal précoce, inférieures dans les collections de tubules
distaux (83 32%) ace qu'elles étaient dans les tubes proximaux
(101 13%). L'emploi d'une nouvelle méthode destinée a rendre
étanche le lieu de ponction distal a permis des récupérations des
marqueurs égales dans les tubes proximaux et distaux. Le NFR
a été mesuré deux fois dans chaque néphron par collection
totale du tube distal et proximal, avec Ia nouvelle méthode de
collection distale; il n'a pas été observe de difference signifi-
cative entre les valeurs obtenues, Ia difference moyenne est
—0.4 11.7%. Ces résultats ne sont pas en faveur d'une influence
du debit tubulaire en aval du tube proximal sur NFR.
Micropuncture techniques are being applied with in-
creasing frequency for measuring the filtration rate of
individual superficial nephrons. In general, different in-
vestigators have obtained similar values for a given experi-
mental circumstance but this has not been uniformly true.
Moreover, values for nephron filtration rate determined
by aspirating tubular fluid in its entirety are quite different
from estimates made by certain indirect calculations. Since
the gradient of hydrostatic pressure between glomerular
capillary and Bowman's space is a major determinant of
filtration rate, it can be seen readily how occlusion of the
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tubule during collection of tubular fluid might alter intra-
tubular pressure and the measured filtration rate. This
possible source of error has been studied by different groups
of investigators with somewhat conflicting results that
could be related to differences in experimental design [1—4].
Another mechanism whereby the technique for measuring
nephron filtration rate could influence the result obtained
is by interruption of flow of tubular fluid beyond the
proximal tubule. It has been suggested that the filtration
rate of individual nephron units may be controlled, in part,
by a feedback mechanism involving the osmolality of tubu-
lar fluid at the macula densa [5]. This hypothesis has been
altered and expanded to include an effect of the delivery
of sodium to the macula densa on the release of renin and
the local production of angioten sin [6]. It has been proposed
that a reduction in the delivery of filtrate to the macula
densa may elevate glomerular capillary pressure and
filtration rate by suppressing the release of renin and local
formation of angiotensin-I and II with subsequent afferent
arteriolar dilatation [6]. In a modified version of this
proposal it was suggested that a reduction in delivery of
sodium to the macula densa may increase the release of
renin and local formation of angiotensins, leading to
increased filtration rate as a consequence of efferent
arteriolar constriction [7]. The plausibility of some such
feedback mechanism has been enhanced by demonstrations
that angiotensin-JI can be formed locally within the kidney
when renin is released [8]. However, studies in which the
macula densa area has been perfused in situ, either from
the late proximal tubule or retrograde from the distal
tubule at different rates and with solutions of varying
sodium concentration, have yielded conflicting results
regarding an effect on filtration rate of the same nephron
[7, 9]. Moreover, Blantz et al [10] have reported that
complete interruption of flow beyond the proximal tubule
of the rat does not alter glomerular capillary hydrostatic
pressure. Nevertheless, Schnermann et al [11] and Davis,
Schnermann and Horster [12] observed that nephron
filtration rate was higher when flow beyond the site of
micropuncture collection from the proximal tubule was
interrupted than when collections were made from the
distal tubule without interfering with delivery of tubular
fluid to the macula densa.
The purpose of the present study was to compare values
for nephron filtration rate, as measured by the commonly
employed technique of total collection of tubular fluid,
with an independent technique that does not require
occlusion of the tubule under study. The two methods were
then used to reinvestigate the effect of interrupting the flow
of tubular fluid on filtration rate in the same nephron. The
results demonstrate close agreement between values for
filtration rate measured by the two methods in the same
nephron. When the technique of total collection only was
employed there was a high incidence of incomplete collec-
tions from distal tubules yielding a filtration rate apparently
lower than that measured by collection from the proximal
tubule. This difference was not present when an altered
method of collecting distal tubular fluid was employed.
Methods
Sixty-four male Sprague-Dawley rats were anesthetized
with intraperitoneal mactin, 100 mg/kg body wt, and
placed on a heated operating table that maintained body
temperature at 37.5° C. An endotracheal tube was placed
surgically, and polyethylene catheters were inserted into
the right external jugular vein and right femoral artery. The
left kidney was exposed through a flank incision, stripped
of its perirenal fat, and immobilized by placement in a
lucite cup attached to the operating table. The left ureter
was cannulated with plastic tubing near the renal pelvis. The
capsule of the kidney was not removed, and the surface of
the kidney was bathed continuously with mineral oil
heated to 37.5° C. A modified Ringer's solution (Na 142,
K 3.5, Cl 115.5 and HCO3 30 mEq/liter), containing
sufficient inulin to achieve plasma concentrations of 50 to
100 mg/100 ml and PAH in an amount appropriate for
clearance measurements, was infused at a rate of 50 p1/
mm/kg body wt throughout the experiment. Clearance
and micropuncture collections were made in all rats during
infusion of the maintenance solution only. In 13 of these
animals clearance and micropuncture procedures were
repeated after the animal had received an intravenous
infusion of an isotonic Ringer's solution equal to 10%
of body weight. In two hydropenic and five saline-loaded
animals measurements were made before and after reducing
filtration rate by aortic constriction. The purpose of saline
infusion and aortic constriction was to provide a wide
range of values for filtration rate.
The technique for immobilizing a proximal tubular oil
block during "free flow" total collections of tubular fluid
was as follows: after insertion of the pipette in the lumen,
castor oil was gently injected and added continuously until
an oil block, approximately seven tubular diameters long,
was in situ and drifting downstream. This whole procedure
took approximately five seconds. Collection was begun
immediately and sufficient aspiration was applied to the
collecting pipette to keep the oil block at the tip of the
pipette throughout the collection. In order to avoid un-
recognized stop-flow collections, approximately every
30 seconds the aspiration was slightly lowered and rein-
stated at the previous level as soon as the oil tended to
drift downstream. In this way the mobility of the oil block
was checked intermittently and unnecessary suction avoided.
The collection time ranged between 2 and 6 mm in proximal
tubules and 4 to is mm in distal tubules. Nephron filtration
rate (NFR) was calculated from the volume of tubular
fluid collected (V) and the concentrations of inulin in
tubular fluid (TF) and plasma (P); NFR =V (TF/P)111.
Collection of urine and whole kidney clearances of inulin
and PAH were performed as previously described [13].
Arterial blood pressure during control hydropenic condi-
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tions averaged 109 12mm Hg (range, 105 18 to
117±11 mm Hg). During saline infusion and aortic
constriction blood pressure averaged 106 14 and 78
5 mm Hg, respectively.
Collection-recollection studies. Tn 1 5 animals free flow
total collections were taken from 32 late proximal tubules
and six early distal tubules. After the initial collection,
recollections were taken 2 to 30 mm later, either from the
original sampling site or a new site slightly proximal to the
first one. The purpose of these recollection studies was to
establish the reproducibility of repeated measurements of
filtration rate in the same nephron when collections were
made either from the proximal or the distal tubule.
Paired distal and proximal collections. Tn 14 animals free
flow total collections were made in 37 nephrons, first from
the early distal tubule and immediately afterwards from
the late proximal tubule of the same nephron. A thin
pipette (about 5 i OD) was inserted into a proximal
convolution and either a short oil droplet or a small bolus
of lissamine green was injected and the remaining proximal
and distal tubule of the same nephron identified and
mapped. This pipette was withdrawn and a sampling
pipette with a tip diameter of about 10 t was used for
collecting tubular fluid.
Indicator dilution technique: Proximal tubule. NFR was
measured in 28 tubules in 9 animals by an indicator dilution
method similar to that suggested by Orloff and Burg [15].
An early loop of proximal tubule was perfused (3.6 to
14.6 nI/mm, average 7.3 aD) through a 5 ji tip pipette
connected to a constant speed pump which has been de-
scribed previously [16]. The perfusate was an isotonic
Ringer's-bicarbonate solution stained with lissamine green
and containing '251-iothalamate as the indicator. After
approximately 5 mm of continuous perfusion, a collecting
pipette (tip diameter, 7 j.t) was introduced into a later
proximal convolution and a timed partial collection was
taken. In order to avoid distal contamination, the syringe
connected to the collecting pipette was adjusted to allow
a slow and steady aspiration of tubular fluid which did
not interfere with the flow of lissamine green beyond the
collecting pipette. Any decreased intensity or disappearance
of lissamine green from the distal tubule of the same
nephron was considered indicative of back flow of tubular
fluid and the collection was discarded. In all of these
collections the rate of aspiration of tubular fluid was one-
half or less of the subsequently calculated rate of flow of
tubular fluid past the collection site. After the partial
collection was performed the collecting pipette was removed
but perfusion of the indicator solution was continued
uninterrupted. A new pipette was then inserted at the same
collection site in the proximal tubule, an oil block was
injected and a timed total collection was made. This total
collection permitted calculation in vivo of the perfusion rate
of the indicator solution. After completing this total collec-
tion both the perfusion and the collecting pipettes were
removed, a new pipette was inserted into the same or an
upstream collection site, an oil block inserted and a second
total collection made. The purpose of this second total
collection was to measure NFR by the technique of total
collection of tubular fluid in the absence of the added
perfusate; this should have made possible the detection of
any systematic influence of perfusion rate per se on NFR.
The data were independent of the perfusion rate, at least
within the range used (3.6 to 14.6 nI/mm). Nephron




where PR is the perfusion rate and Ph, TF and P are the
concentrations of iothalamate (T) or inulin (In) in perfusion
fluid, tubular fluid, and plasma, respectively. Perfusion
rate of the indicator solution was calculated in Vito for
each experiment by the formula:
TFPR = V
where V is the volume of collected fluid per unit time.
Following completion of the experiment the perfusion rate
was measured in vitro by operating the pump at the same
speed while the perfusate was collected into a calibrated
capillary tube. The close relationship between perfusion
rates calibrated in viva and in Vitro is shown in Fig. 1.
Indicator dilution technique: Distal tubule. Tn 19 tubules
the sequence of total collections and pat tial collections
during microperfusion was modified so that a free flow
total collection was taken first from the distal tubule after
Fig. I. Comparison of pump perfusion rates measured in vito
and in vitro. The in vito value is the average of measurements
in 2 to 7 tubules in each of the 8 animals. The in vitro value was
determined by perfusion into a calibrated glass capillary at the
conclusion of each experiment. Perfusion rates averaged 7,3
2.7 nI/mm in vivo and 7.9 3.2 in vitro, r= 0.91, P<0.01.
The diagonal is the line of identity. NFR by the method of
indicator dilution was calculated for each tubule from the
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which the microperfusion was begun in the early proximal
tubule and partial collections made from either the proximal
or distal tubule for calculating NFR by the indicator
dilution method. After these measurements total collections
of tubular fluid were made from the late proximal tubule
during continued perfusion of the indicator in order to
calculate the perfusion rate.
Recoveries of volume marker. In 29 animals the relative
rates of recovery of the indicator were determined by
performing total collections from the early distal and then
from the late proximal tubule of the same nephron while
the indicator was being perfused into an early proximal
convolution. In these studies microperfusion was performed
as previously described [14] by sealing the proximal end
of the perfused segment with an oil block. This was different
from the microperfusion for the indicator dilution technique,
in which the perfusate was simply added to the tubular
fluid without blocking the tubule proximally. In 17 of these
paired collections during microperfusion, the distal oil
block was kept in the usual position [14] by aspirating
through a collecting pipette with a tip diameter of about
10 ji. Also, no effort was made to position the collecting
pipette in the distal tubule with respect to the direction
of flow of tubular fluid. In another 18 paired collections
during microperfusion, the technique for total collection
from the distal tubule was modified as follows. Pipettes
with extra long tips and an end diameter of 6 to 7 i were
used. The pipette was inserted into the distal tubule against
the direction of flow of tubular fluid for as long a distance
as possible and as nearly parallel as possible to the tubular
lumen. A column of oil was then injected into the lumen
and aspiration of tubular fluid was begun before the oil
block moved downstream past the puncture site where the
pipette entered the tubular lumen. Thus, the tip of the
pipette actually entered the tubular lumen through the
proximal end of the oil block and the oil block extended
distally to seal the site of puncture of tubule.
Distal-proximal collections: Revised method of collection.
In seven hydropenic animals 26 paired total collections of
tubular fluid were made from late proximal and early
distal tubules of the same nephron in order to compare
measurements of filtration rate made at the two sites when
the revised method of collecting distal tubular fluid was
used.
Methods for measuring volume, inulin content and radio-
activity of tubular fluid and inulin and PAH in plasma and
urine were the same as those described previously [13, 14].
H3-methoxy-inulin was measured in a Packard Tricarb
scintillation counter. The sample volume was measured
[14] and then added to 10 ml of Bray's solution [17] and
counted using a Nuclear Chicago liquid scintillation
spectrometer. No difference was found in recoveries of
1251-iothalamate and 3H-methoxy-inulin. No quenching
could be detected within the range of volumes used (15 to
100 nl). When chemical inulin and 1251-iothalamate were
measured in the same samples, inulin was measured first,
then the capillary cuvettes, with a final volume of 5 Ill, were
placed in a vial and counted in a well-type gamma spectro-
meter (Packard Instruments Co., Downers Grove, Ill.)
[14]. Perfusate samples were handled in the same way.
Results are expressed as mean, standard deviation
of the mean (SD), and the significance of difference between
means was calculated from Student's "t" test for paired
data and by covariance analysis. Least square regressions
were also calculated, as well as the relative correlation
coefficients, F and t tests.
Results
The reproducibility of NFR measured by the technique
of total collection and recollection is shown in Fig. 2. Thirty-
eight collections and recollections were made either in the
proximal or distal tubule either under conditions of
hydropenia, saline infusion or constriction of the aorta.
None of these experimental conditions affected the re-
producibility of the measurements and, overall, NFR
averaged 31.0±13.2nl/min from the first collection and
31.0± 13.1 nI/mm from the second collection. The actual
mean of differences between paired measurements was
0.0 5.4 nI/mm.
In 28 proximal tubules of nine animals NFR was
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Fig. 2. Reproducibility of NFR measured twice by total collection
of tubular fluid from the same tubular site. Each point represents
the value for both the first (abscissa) and second (ordinate)
collections. The diagonal is the line of identity. Open triangles
are paired measurements from distal tubules, open circles are
paired measurements from proximal tubules, solid circles are
paired measurements from proximal tubules during saline
loading, and squares are paired measurements from proximal
tubules during aortic constriction superimposed on saline
loading. There was no significant difference between the first
and second measurement of NFR under any of the conditions,
r= 0.91, P<0.01. The regression coefficient was not significantly











Fig. 3. Comparison of NFR measured from proximal tubular
collections by two different methods in the same nephron. The
indicator dilution method which does not require interruption
of flow of tubular fluid was alternated with the technique of
tubular obstruction and total collection of tubular fluid. Square
symbols are measurements made during aortic constriction and
circles are measurements made in hydropenic animals. Although
the scatter of the data is greater than that in Fig. 2, overall there
was no significant difference in NFR measured by the two meth-
ods. The correlation between the two measurements was highly
significant (r= 0.78, P<0.0l). Comparison of these data by
covariance analysis with the previous collection-recollection
pairs of Fig. 2 does not show any significant difference (F= 2.74,
F> 0.05); the regression coefficient is not significantly different
from unity (P>0.05).
indicator dilution method. in these tubules the total
collection method yielded an average value of 33.6 16.3 nIl
mm and the indicator dilution method yielded a value of
30.2 16.9 nI/mm. Although the scatter of data was greater
when these two methods were compared (Fig. 3), the mean
values were not significantly different (F>0.10). The
average difference between paired measurements was
3.4± 10.7 nI/mm. Thus, there was no systematic difference
between values for NFR when measured by the two
different techniques, only one of which required complete
interruption of flow of tubular fluid beyond the proximal
tubule.
In view of the above findings NFR was measured in
37 tubules by the original method of total collection from
both the late proximal and early distal tubule of the same
nephron. The results of these studies are shown in Fig. 4.
NFR averaged 30.6±12.9n1/min when measured by
collection from the proximal tubule and 30.7 18.4 nI/mm
when collections were made from the early distal tubule.
Although these means are not statistically different, 75 per
cent of the values from the distal tubular collections fell
below the line of identity (Fig. 4), indicating that in the
majority of measurements NFR was lower when measured
by distal tubular collection than when measured by
proximal tubular collection. The scatter of data was
considerably greater than those comparing recollection
from the same tubular site (compare Figs. 2 and 4). The
mean of differences between members of the pairs (proximal
and distal collections) was 0.2± 16.1 nI/mm.
In 19 tubules of nine animals NFR was measured in the
same nephron by the original method of total collection
from the distal tubule and the indicator dilution method
with partial collection either from the late proximal or
early distal tubule. The results of these studies are shown
in Fig. 5. NFR averaged 27.4 10.6 nl/min when measured
by total collection from the distal tubule and 33.8 18.0 nl/
mm when measured by the indicator dilution technique.
This difference was statistically significant (P <0.02). The
mean difference between the paired measurements (indicator
dilution minus distal tubular measurement) was 6.5
10.4 nI/mm. These results suggested the possibility of a
systematic error which tended to lower the value of NFR
when measured by the method of total collection from the
distal tubule, since no overall difference was observed
60
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Fig. 4. Comparison of NFR measured from distal and proximal
tubules of the same nephron using the original technique of tubular
obstruction and total collection. Open symbols are during hydro-
penia and solid symbols are during saline loading; squares
represent measurements during aortic constriction. Although
the mean value for NFR measured by distal tubular collections
did not differ from that measured by proximal tubular collec-
tion, five of the values from distal tubules were two or more
times the value obtained by proximal tubular collection from the
same nephron. The majority of the observations indicate that
when collections are made from the distal tubule NFR measured
by this technique is frequently lower than when collections are
made from the proximal tubule. C1, averaged 1.28±0.49,
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NFR, Indicator dilution, ni/mm
Fig. 5. Comparison of NFR measured by the original method of
total collection from the distal tubule with values obtained by the
indicator dilution method with partial collections from either
the proximal (circles) or distal (triangles) tubule of the same
nephron. Open symbols are data from hydropenic animals and
solid symbols are during saline infusion; r= 0.82, P<0.01.
When these data are compared (by covariance analysis) with
those obtained with the dilution technique at the proximal tubule,
a significant difference is found (F= 9.57, P<0.01). In addition,
the regression coefficient is significantly lower than 1.0 (P<0.01).
This indicates that total collection from the distal tubule yielded
NFR's lower than those obtained with the indicator dilution
method. The diagonal is the line of identity. C111 averaged
1.23±0.56 mI/mm, N= 12, in this group of animals, which
were the same as those of Fig. 3.
Fig. 6. Recovery of perfused 1251-iothalamate or 3H-inulin from
proximal and distal tubule of the same nephron using the technique
of tubular occlusion and total collection of tubular fluid. Recoveries
are expressed as the rate of perfusion calculated from the volume
of fluid collected and the concentrations of 125J or 3H in perfusate
and collected fluid. The rate of perfusion was intentionally varied
in these studies but was constant during any paired collections.
The majority of values fall below the identity line indicating that
recovery of markers from the distal tubule was incomplete
compared with recovery from the proximal tubule of the same
nephron r= 0.62, P<0.01. The regression coefficient is signif-
icantly less than unity (P<0.01).
Fig. 7. Recovery of perfused 1251-iothalamate of 3H-inulin from
proximal and distal tubule of the same nephron using the revised
method of total collection from the distal tubule. The method of
performing these experiments is the same as described in Fig. 6
except that the technique for collecting distal tubular fluid was
altered as described in the Methods section. As shown, there was
no systematic difference in recovery of markers in proximal and
distal tubules and paired collections from the same nephron
fall uniformly around the line of identity; r= 0.84, P<0.Ol.
Comparing these data by covariance analysis with the previous
microperfusion data shown in Fig. 6 yields a significant difference
(F= 5.40, P<0.05). C111 averaged 1.35 0.37 ml/min, N= 29,


































between values for the two techniques when collections
were made from the proximal tubule (Fig. 3).
The possibility of a systematic error in collecting fluid
from the distal tubule was investigated in 29 animals by
perfusing 17 early proximal tubules at a constant rate with
a solution containing either 3H-inulin or 1251-iothalamate.
Using the original method of collection, tubular fluid was
collected for determining recovery of the perfused marker
downstream, first from the early distal and then from the
late proximal tubule of the same nephron. The results of
these studies are shown in Fig. 6. Using the original
method of collection from the distal tubule the recovery
of 125j or 3H averaged 80.7 22.2 per cent of the recovery
in collections from the proximal tubules of the same
nephrons. These results indicated that collection from the
distal tubule during microperfusion was incomplete or,
alternatively, that 125J or 3H were lost from tubular fluid
in the loop of Henle. The latter possibility is unlikely since
these markers can be recovered completely in urine when
injected into proximal tubules [181. Accordingly, the
technique of collecting fluid from distal tubules was revised
in an effort to assure more complete collections (see
Methods). Using the revised method of collecting from the
distal tubule, recoveries of the markers were measured in
proximal and distal tubules of 18 nephrons (Fig. 7). In
20 40
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Fig. 8. Comparison of NFR measured by total collection from
distal and proximal tubules of the same nephron using the revised
technique for collecting distal tubular fluid. There was no system-
atic difference in the two measurements of NFR in the same
nephron and the paired values distribute uniformly around the
line of identity. This is in contrast to the frequently lower values
for NFR when the original method of collecting distal tubular
fluid was used (Figs. 4 and 9); r= 0.87, P<0.0l. Comparing
these data by covariance analysis with those of Fig. 4 does not
reveal any significant difference (F> 0.05). The regression
coefficient is not different from unity (P>0.40).
these studies recovery from the distal tubule was complete
and averaged 105.2 per cent of recovery from the
proximal tubule. These findings indicated that the original
method of collecting distal tubular fluid is associated with
a high incidence of incomplete collections.
In view of the foregoing results, NFR was measured by
the technique of total collection from the proximal and
distal tubules of 26 nephrons of seven animals using the
revised method of collection from the distal tubule. The
results of these studies are shown in Fig. 8. NFR averaged
40.5 10.5 nl/min from collections from the proximal
tubule and 39.9 9.2nl/min from collections made from
the distal tubule; the difference between members of paired
measurements in the same nephron averaged 0.6 4.9 nh
mm. The higher mean value for NFR in these animals
compared to those reported above is due in part to inclusion
of values during aortic constriction in the earlier group. In
all groups of animals the absolute values for NFR related
directly to values for whole kidney GFR. When mean
values for NFR were compared to simultaneously measured
whole kidney GFR for all animals and all experimental
circumstances (hydropenia, volume expansion or aortic
constriction) a high degree of correlation existed (r =0.74,
P<0.0l, N= 56).
Fig. 9 shows the distribution of values for NFR measured
by the method of total collection from the distal tubule
and expressed as percentage difference from the value
LNFR °/
Fig. 9. Frequency distribution of NFR measured by total collection
of distal tubular fluid expressed as percentage change from value
obtained by total collection from the proximal tubule of the same
nephron. The upper panel shows data using the original technique
for collecting distal tubular fluid and it can be seen that values
for NFR obtained by distal tubular collection frequently were
lower than NFR measured by collection from the proximal tubule.
The lower panel shows similar data obtained using the revised
method of distal tubular collection and there was no trend for
NFR measured by distal tubular collection to differ from that
measured by proximal tubular collection.
obtained by the method of total collection from the
proximal tubule of the same nephron. It can be seen that
when the original method of collecting fluid from the distal
tubule was used, NFR was frequently lower when measured
by collection from the distal tubule. When the revised
method of collection from the distal tubule was used values
for NFR were uniformly distributed about zero change.
Discussion
Schnermann et al and Davis, Schnermann and Horster
reported that NFR determined by proximal tubular collec-
tion is distinctly higher than that determined by distal
tubular collections in the same nephron [11, 12]. These
authors interpreted their results as evidence for a feedback
system in individual nephrons whereby delivery of filtrate
out of the proximal tubule (presumably to the macula
densa) exerts a controlling influence on the rate of filtration.
It has been suggested that such a feedback mechanism
involves the renin-angiotensin system and that the release
of renin relates in some manner to the concentration or
amount of sodium reaching the macula densa area of the
distal tubule [6]. In a subsequent study Schnermann et al
[7] perfused the loop of Henle (and the macula densa area)
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concentrations while measuring filtration rate in the same
nephron by collection from the proximal tubule. They
reported that nephron filtration rate increased at low rates
of perfusion of the loop, supporting their earlier suggestion
that the higher rates of filtration measured by proximal
tubular collections could be due to interruption of flow of
tubular fluid to the distal nephron [II, 12]. However,
Morgan performed similar studies employing perfusion of
the loop of Henle and found no effect of sodium concentra-
tion or perfusion rate on simultaneously measured filtration
rate of the same nephron [9]. The reasons for these disparate
results are not clear.
In the present studies the effect of interrupting the flow
of pioximal tubular fluid on filtration rate was examined
by using two independent methods for measuring filtration
in the same nephron. Collections were made from the late
proximal tubule, and the method of occlusion and total
collection was alternated with the indicator dilution
technique which does not require the interruption of flow
or the total collection of tubular fluid. There was no
statistically significant difference in filtration rate measured
by the two methods, suggesting either that the interruption
of tubular flow did not increase filtration or that the indi-
cator dilution method overestimated NFR. Therefore, in
a separate group of animals NFR was measured by
micropuncture of both the proximal and distal tubule of
the same nephron using the method of tubular occlusion
and total collection of tubular fluid. Although the overall
mQan NFR determined at the two sites did not differ, the
majority of measurements made by distal tubular collections
were lower than those made by proximal tubular collections
(Fig. 9). On the basis of these observations and of the
frequency distribution analysis shown in Fig. 9 we are
inclined to believe that in most instances measurements of
NFR by the usual method of tubular occlusion and total
collection are lower when measured in the distal tubule than
when measured in the proximal tubule.
When filtration rate was measured in the same nephron
by total collection from the distal tubule and the indicator
dilution method with partial collection from either the
late proximal or early distal tubule the value for NFR
determined by total collection of distal tubular fluid was
distinctly lower. Thus, NFR determined by total collection
from the distal tubule was lower than that determined by
the independent method even though interruption of flow
from the proximal tubule was not involved in either of the
measurements. Only the total collection technique from
distal tubules yielded a value for NFR which frequently
was lower than those of all other measurements, suggesting
strongly that collections at this site may be incomplete. This
possibility was supported by the finding that recoveries at
distal tubular sites of perfused 1251-iothalamate or 3H-inulin
were distinctly lower than recoveries of these markers from
proximal tubular collections. When a modified technique
for collecting distal tubular fluid was used, recovery of the
markers perfused into the early proximal tubule were the
same in late proximal and early distal tubular collections.
These findings confirm reports of others [12, 19] that inulin
injected into the proximal tubule can be completely re-
covered from the distal tubule when proper precautions are
taken to assure total collection of distal tubular fluid.
Difference in the measurements at the two tubular sites
was not found when nephron filtration rate was measured
by total collection of tubular fluid from the late proximal
and early distal tubule of the same nephron using the
revised technique for collecting distal tubular fluid. Thus,
in three separate groups of animals we were unable to find
a statistically significant effect on nephron filtration rate
when flow out of the proximal tubule was interrupted. In
one of the three groups of experiments nephron filtration
rate was frequently lower when measured by distal tubular
total collection but even in this group the overall values
were not statistically different from values obtained by prox-
imal tubular collections in the same nephrons. Moreover,
these frequently lower values appear to have resulted
from incomplete collections.
Our results differ from those of Schnermann et al [11]
who reported that nephron filtration rate measured by
total collection of distal tubular fluid was lower than
measurements made by proximal tubular collections in the
same nephron of hydropenic animals. The reasons for these
different results are not clear, but the present observation
of frequent incomplete collections from distal tubular
puncture sites emphasizes the possibility that this technical
artefact can result in a systematic lowering of calculated
filtration rate. Alternatively, it is possible that interruption
of flow from the proximal tubule will activate a physiolo-
gical feedback mechanism leading to a rise in filtration
rate, but that the conditions of our experiments precluded
activation of the mechanism or in some other way obscured
its recognition. For instance, partial sampling of proximal
tubular fluid when filtration rate was measured by the
indicator dilution technique could have reduced delivery
from the proximal tubule sufficiently to activate a feedback
system and elevate filtration rate to the same extent as
occurred during complete interruption of flow from the
proximal tubule. This would not explain, however, the
finding of similar filtration rates when distal tubular total
collections by the revised technique were compared to
either proximal tubular total collections or measurements
with the indicator dilution technique.
Finally, if for some reason autoregulation of filtration
rate was not present in our animals this could have pre-
cluded any effect on filtration rate of interrupting flow
out of the proximal tubule, if indeed this is how nephron
filtration rate is autoregulated. There is no a priori reason
to suspect that autoregulation would not have occurred
in the animals of the present study and our studies were
performed under conditions similar to those under which
an effect of interrupting proximal tubular flow has been
reported to elevate filtration rate [11, 12]. Schnermann
et al [11] concluded from their studies that nephron
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filtration rate was not elevated in response to interruption
of the flow of tubular fluid in rats that were saline-loaded.
However, in the present studies experiments were performed
in the absence of saline loading (see Fig. 8).
In summary, the present results are consistent with the
view that complete interruption of flow of fluid from the
proximal tubule has no effect to significantly elevate
nephron filtration rate. This conclusion is consistent with
the findings of Morgan [9] and Blantz et al [10]. Tn
addition, the present studies support the validity of measure-
ments of NFR by complete collection of tubular fluid, in
agreement with others [3, 4, 20], and emphasize that the
usual technique for collecting proximal tubular fluid is
frequently associated with incomplete collections when
applied to the distal tubule.
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